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Abstract

Background The negative impacts of proton pump inhibitor (PPI), including the risk of pneumonia and mortality, have been
reported previously. This meta-analysis aimed to address the current interest of whether the administration of PPI could
increase the susceptibility and risk of poor outcome in COVID-19.

Methods We performed a systematic literature search from PubMed, Embase, EBSCOhost, and EuropePMC databases up
until 3 December 2020. The main outcome was composite poor outcome which comprised of mortality and severe COVID-
19. Severe COVID-19 in this study was defined as patients with COVID-19 that fulfill the criteria for severe CAP, includ-
ing the need for intensive unit care or mechanical ventilation. The secondary outcome was susceptibility, based on cohort
comparing COVID-19 positive and COVID-19 negative participants.

Results There were a total of 290,455 patients from 12 studies in this meta-analysis. PPI use was associated with increased
composite poor outcome (OR 1.85 [1.13, 3.03], p=0.014; I* 90.26%). Meta-regression analysis indicate that the association
does not vary by age (OR 0.97 [0.92, 1.02], p=0.244), male (OR 1.05 [0.99, 1.11], p=0.091), hypertension (OR 9.98 [0.95,
1.02], p=0.317), diabetes (OR 0.99 [0.93, 1.05], p=0.699), chronic kidney disease (OR 1.01 [0.93, 1.10], p=0.756), non-
steroidal anti-inflammatory drug use (OR 1.02 [0.96, 1.09], p =0.499), and pre-admission/in-hospital PPI use (OR 0.77 [0.26,
2.31], p=0.644). PPI use was not associated with the susceptibility to COVID-19 (OR 1.56 [0.48, 5.05], p=0.46; 2 99.7%).
Conclusion This meta-analysis showed a potential association between PPI use and composite poor outcome, but not
susceptibility.
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Introduction

The COVID-19 pandemic is undeniably on its highest spike
all over the globe. On the advent of effective SARS-CoV-2
vaccination, many believe that this pandemic may finally be
over. However, there is still a relatively wide gap of time before
the ‘mass’ vaccination could finally be accomplished. In that
meantime, we still need to take some extra precautions in pre-
venting COVID-19 infection and its fatal complications by
identifying factors associated with COVID-19 susceptibility
and severity [1, 2].

Proton pump inhibitors (PPI) have been commonly pre-
scribed for the management of gastrointestinal (GI) acid-
related disorders, including peptic ulcer disease and gastroe-
sophageal reflux disease (GERD) [3]. Many patients taking
non-steroidal anti-inflammatory drugs (NSAIDs) and/or cor-
ticosteroids routinely for their chronic pain or illness are also
consuming PPI as stomach-protective agents. However, PPI
is also frequently prescribed without a clear indication in up
to 70% of cases [4]. Without proper indication and guidance,
the use of such drugs may be harmful for the patients and may
cause unwanted side effects.

The negative impacts of PPI, including the risk of pneumo-
nia and mortality, have been reported previously [5-7]. Fur-
thermore, PPI administration increased the risk of both enteric
infections and small intestinal bacterial overgrowth, while the
risk of enteric viral infection during high endemic periods is
also increased with continued use of PPI [8—10]. Whether the
use of PPI increases susceptibility to SARS-CoV-2 infection is
still unknown, but current PPI usage is potentially associated
with increasing severity and worsening outcomes in COVID-
19 [3]. A study observed that individuals taking PPI twice
daily are almost four times more likely to report a positive
COVID-19 test when compared to those not on PPI [11].

This meta-analysis aimed to address the current interest of
whether the administration of PPI could increase the suscep-
tibility and risk of poor outcome in COVID-19.

Methods
Protocol and registration

This study is following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) reporting
guidelines. The protocol for this study is registered in PROS-
PERO (CRD42020224286).

Inclusion and exclusion criteria
The inclusion criteria were: (1) prospective or retrospec-

tive observational studies reporting confirmed COVID-19
patients and (2) reporting mortality or severity based on PPI

use OR reporting COVID-19 infection rate based on PPI use.
The main outcome was composite poor outcome which com-
prised of mortality and severe COVID-19. Mortality was
defined as clinically validated death/mortality/non-survivor.
Severe COVID-19 in this study was defined as patients with
COVID-109 that fulfill the criteria for severe CAP, including
the need for intensive unit care or mechanical ventilation
[12]. The secondary outcome was susceptibility, based on
cohort comparing COVID-19 positive and COVID-19 nega-
tive participants.

The exclusion criteria were: (1) preprints, (2) non-
research letters, (3) review articles, (4) commentaries,
(5) case reports or series, and (6) non-English Language
articles.

Search strategy and study selection

Systematic literature searches of PubMed, Embase, EBSCO-
host, and EuropePMC databases were performed with key-
words (COVID-19 OR SARS-CoV-2 OR 2019-nCoV)
AND (Proton Pump Inhibitors OR PPIs) AND (Mortality
OR Severity OR ICU Admission OR Mechanical Ventila-
tion OR Intubation OR Susceptibility OR COVID-19 Posi-
tive) from inception up until 9 December 2020. Addition-
ally, snowballing technique by hand-picking relevant articles
from references of the included studies were performed. Two
independent authors performed screening of the title and
abstract of the records after removal of duplicates. The full-
text of potentially eligible articles were assessed based on
the inclusion and exclusion criteria.

Data extraction

Two authors independently perform data extraction from eli-
gible studies for the first author, year of publication, study
design, age, male (gender), hypertension, diabetes, chronic
kidney disease (CKD), NSAID use, PPI use, and the out-
come of interest.

The main outcome was composite poor outcome and the
secondary outcome was susceptibility; the effect estimates
were reported in odds ratios (ORs) and its 95% confidence
interval.

The key exposure for composite poor outcome was PPI
use, defined as current use of PPI prior to admission (routine
medication) or in-hospital use, for any reason. The key expo-
sure for susceptibility was PPI use, defined as current use of
PPI prior to admission (routine medication), for any reason.

Risk of bias assessment

Quality assessment of the included studies were performed
by two independent authors using the Newcastle-Ottawa
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Scale (NOS). Discrepancies that arises during the assess-
ment were resolved by discussion.

Statistical analysis

STATA 16 (StataCorp LLC, Texas, US) was used to perform
statistical analysis of the extracted data. The ORs for com-
posite poor outcome and susceptibility were pooled using
the restricted maximum likelihood (REML) random-effects
model, regardless of heterogeneity, and reported as OR and
its 95% CI. p values of the pooled effect estimate were con-
sidered significant if the value was <0.05. Inter-study het-
erogeneity was assessed using I-squared (/%) and Cochrane
Q test; in which a value of > 50% or p value <0.10 indicates
significant heterogeneity. Funnel-plot analysis and Egger’s
test were performed to evaluate the risk of publication bias
qualitative and quantitatively. Trim-and-fill analysis using
the Run 0 estimator was performed to add hypothetical study
based on possible publication bias. REML meta-regression
analysis was performed for the age, gender, hypertension,

Fig.1 PRISMA flowchart

Identification J

[

diabetes, CKD, NSAIDs, and pre-admission/in-hospital PPI
use as covariate, one at a time.

Results
Baseline characteristics and study selection

There were a total of 290,455 patients from 12 studies
included in this systematic review and meta-analysis [3, 11,
13-23] (Fig. 1). 11,508 patients were available for analysis
on composite poor outcome and 283,732 patients were avail-
able for analysis on susceptibility. Baseline characteristics of
the included studies was displayed in Table 1.

Proton pump inhibitor and composite poor outcome
PPI use was associated with increased composite poor

outcome (OR 1.85 [1.13, 3.03], p=0.014; I* 90.26%,
p<0.001) (Fig. 2). Meta-regression analysis indicate that

Records identified through database
searching
PubMed =29
EuropePMC = 105
EBSCOhost = 314
EMBASE =8
Hand-picked =2

A4

J

Records after duplicates removed
(n =409)

Eligibility Screening

Included
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20 Full-text articles
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Full-text articles assessed
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9 = no pertinent data,
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3 = non research letter
4 = preprint
2 = case report
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Studies included in
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the association does not vary by age (OR 0.97 [0.92, 1.02],
p=0.244), male (OR 1.05 [0.99, 1.11], p=0.091), hyper-
tension (OR 9.98 [0.95, 1.02], p=0.317), diabetes (OR
0.99 [0.93, 1.05], p=0.699), CKD (OR 1.01 [0.93, 1.10],
p=0.756), NSAID use (OR 1.02 [0.96, 1.09], p=0.499),
and pre-admission/in-hospital PPI use (OR 0.77 [0.26, 2.31],
p=0.644).

Proton pump inhibitor and susceptibility
to COVID-19

PPI use was not associated with the susceptibility to COVID-
19 (OR 1.56 [0.48, 5.05], p=0.46; I* 99.7%, p <0.001)
(Fig. 3).

Publication bias

The pooled analysis for PPI and composite poor outcome
has asymmetrical funnel plot (Fig. 4), trim-and-fill analysis

Fig.2 Proton pump inhibitor
and composite poor outcome.

by run O estimator did not result in addition of hypothetical
study on the left or right side. Egger’s test was not significant
for small-study effect (p =0.699).

Discussion

This meta-analysis showed a potential association between
PPI use and composite poor outcome. The association
did not vary with age, gender, hypertension, diabetes, and
NSAID use; based on meta-regression of limited studies.
However, there is a potential publication bias that may ren-
der the association non-significant. PPI was not associated
with increased susceptibility to COVID-19.

Alternatively, there are potential confounders that may
contribute to the association. This includes the need for PPI
use on certain disease or concurrent use with certain medi-
cations. The disease itself might contribute significantly to
COVID-19 severity and mortality. Although meta-regression

PPI and Composite Poor Outcome
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represents the pooled effect
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Fig.3 Proton pump inhibitor

and susceptibility to COVID-19.
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Fig.4 Funnel-plot analysis. FU n nel plot
X-axis represent the effect size
(log odds ratio) and Y-axis o
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analysis did not show a significant variation of effect esti-
mate relative to the NSAID use, the regression (for the
NSAID use) was only based on five studies. A minimum
of ten studies is required to obtain an accurate result. Meta-
regression analysis in this study was only aimed to ruling in
any association, not ruling them out. Certain medications
such as angiotensin-receptor blocker and metformin was
also shown to be associated with reduced severity [24, 25];
although publication bias is very likely.

There was a potential publication bias among the included
studies as indicated by the asymmetrical funnel plot. Choices
of databases were PubMed (MEDLINE), Embase, EBSCO-
host, and EuropePMC which yielded broad results. Based
on AMSTAR-2, there should be at least two databases [26].
Bramer et al. proposed that Embase, MEDLINE, Web of
Science (Core Collection), and Google Scholar were optimal
databases for conducting systematic review [27]. Their study
did not account for EuropePMC, which usually provides
broad results. The use of Google Scholar was controversial
because of poor search reproducibility [28] and we decided
to use EuropePMC instead. These measures have been taken
to limit the publication bias.

Vila-Corcoles et al. [22] showed that PPI was associ-
ated with susceptibility to COVID-19 on unadjusted but not
adjusted analysis, indicating that the increased susceptibility
might be due to other confounding variables. Vila-Corcoles
et al. noted that age was the only independent predictor for
COVID-19 infection. An independent dose-response rela-
tionship was observed by Almario et al., in which twice-
daily PPI has a higher risk for COVID-19 compared to once

daily PPI [11]. Almario et al. conducted an online survey
and the authors acknowledge the possibility of selection
bias, the respondents are more likely to be young or elderly
respondents with better function. Thus the adjustment might
be inadequate, which leads to overestimation of the effect
estimate.

The association between PPI administration with the
increase of susceptibility and severity of SARS-CoV-2 infec-
tion is biologically plausible. Gastric juice is the first line of
defense against pathogens, including bacteria and viruses,
with one of the main functions of eradicating ingested patho-
gens and thereby inhibiting infectious microorganisms from
reaching the intestine [4]. The normal pH of a healthy stom-
ach (<3) disrupts the infectivity of the similar SARS-CoV-1,
whereas less acidic pH due to PPI-induced gastric acid
suppression does not deactivate the virus [29]. The ACE2
receptors, which are also widely expressed throughout the
intestinal tract [30], are used by SARS-CoV-2 to quickly
invade and replicate within enterocytes [31]. Consequently,
gastritis, enteritis, and colitis are pathologically and clini-
cally evident [32]. Moreover, increasing viral loads enables
the virus to propagate beyond the digestive system by caus-
ing GI symptoms and disseminating infection or inducing
inflammation in the lungs via a gut-lung axis or other organs
via cytokine release syndrome [11]. PPI treatment may pro-
mote the development of pneumonia due to suppressed
gastric acid production, which results in increased gastric
microbiota, bacterial overgrowth in the upper GI tract, and
micro-aspiration leading to bacterial colonization of the lung
[33]. In addition, PPI may also dampen immune response
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by inhibiting anti-inflammatory function of neutrophil [34].
Therefore, PPI usage could also be a potential risk factor for
the development of secondary infections and consecutive
ARDS in hospitalized COVID-19 patients [4, 18].

Theoretically, the risk of poor outcome in COVID-19
patients receiving PPI might be due to kidney injury. As
previously reported by Xie et al. [5], PPI use was associated
with the risk of mortality due to CKD. Several studies have
documented its use with an increased risk of acute kidney
injury (AKI), CKD, and CKD progression to end-stage kid-
ney disease [35-37]. Moreover, our previous meta-analysis
showed that the presence of either AKI or CKD is asso-
ciated with an increased risk of poor outcome in patients
with COVID-19 [38-40]. However, meta-regression did not
reveal any association between the risk of poor outcome and
the use of PPIs.

Limitations

Limitation of this systematic review includes the publication
bias, in which study with positive result is more likely to be
published, indicated by the asymmetrical funnel plot. How-
ever, trim-and-fill analysis did not result in imputation of
hypothetical study. Various hidden confounders may affect
the effect estimate. Meta-regression analysis was based on
a limited number of studies; thus, the regression analysis’s
statistical power is weak.

Conclusion

This meta-analysis showed a potential association between
PPI use and composite poor outcome, but not susceptibility.
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